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PRODRUGS OF GABA ANALOGS, COMPOSITIONS AND USES THEREOF 



This application claims the benefit under 35 U.S.C. § 119(e) from United-States 
Provisional Application Serial No. 60/297,521 filed June 11, 2001; United States 
5 Provisional Application Serial No. 60/298,5 14 filed June 14, 2001 ; and United States 
Provisional Application Serial No. 60/366,090 filed March 19, 2002, which are herein 
incorporated by reference. 

1. Field Of The Invention 

10 The present invention relates generally to prodrugs of GABA analogs, 

pharmaceutical compositions of to prodrugs of GABA analogs, methods of making 
prodrugs of GABA analogs, methods of using prodrugs of GABA analogs and 
pharmaceutical compositions of prodrugs of GABA analogs. More particularly, the present 
invention relates to prodrugs of gabapentin and pregabalin, pharmaceutical compositions of 

15 prodrugs of gabapentin and pregabalin, methods of making prodrugs of gabapentin and 
pregabalin, methods of using prodrugs of gabapentin and pregabalin and pharmaceutical 
compositions of prodrugs of gabapentin and pregabalin. 

2. Background Of The Invention 

20 Gamma (* Y')- am i no butyric acid ("GABA") is one of the major inhibitory 

transmitters in the central nervous system of mammals. GABA is not transported efficiently 
into the brain from the bloodstream (z.e., GABA does not effectively cross the blood-brain 
barrier). Consequently, brain cells provide virtually all of the GABA found in the brain 
(GABA is biosynthesized by decarboxylation of glutamic acid with pyridoxal phosphate). 

25 GABA regulates neuronal excitability through binding to specific membrane 

proteins (te, GABAA receptors), which results in opening of an ion channel. The entry of 
chloride ion through the ion channel leads to hyperpolarization of the recipient cell, which 
consequently prevents transmission of nerve impulses to other cells. Low levels of GABA 
have been observed in individuals suffering from epileptic seizures, motion disorders (e.g. 9 

30 multiple sclerosis, action tremors, tardive dyskinesia), panic, anxiety, depression, 
alcoholism and manic behavior. 



l 
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The implication of low GABA levels in a number of common disease states and/or 
common medical disorders has stimulated intensive interest in preparing GABA analogs, 
which have superior pharmaceutical properties in comparison to GABA (e.g., the ability to 
cross the blood brain barrier). Accordingly, a number of GABA analogs, with considerable 
5 pharmaceutical activity have been synthesized in the art (See, e.g., Satzinger et al, United 
States Patent No. 4,024,175; Silverman et al, United States Patent No. 5,563,175; Horwell 
et al, United States Patent No. 6,020,370; Silverman ei al., United States Patent No. 
6,028,214; Horwell et al, United States Patent No. 6,103,932; Silverman eta!., United 
States Patent No. 6,117,906; Silverman, International Publication No. WO 92/09560; 

10 Silverman et al, International Publication No. WO 93/23383; Horwell et al, International 
Publication No. WO 97/29101, Horwell et al, International Publication No. WO 97/33858; 
Horwell et al, International Publication No. WO 97/33859; Bryans et al, International 
Publication No. WO 98/17627; Guglietta et al, International Publication No. WO 
99/08671; Bryans et al., International Publication No. WO 99/21824; Bryans et al, 

15 International Publication No. WO 99/3 1057; Belliotti et al, International Publication No. 
WO 99/31074; Bryans et al, International Publication No. WO 99/31075; Bryans et al, 
International Publication No. WO 99/61424; Bryans et al, International Publication No. 
WO 00/1561 1; Bryans, International Publication No. WO 00/31020; Bryans et al., 



u V 

Gabapentin Pregabalin 




Baclofen 
(4) 

International Publication No. WO 00/50027; and Bryans et ai. International Publication No. 
20 WO 02/00209). 
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Pharmaceutically important GABA analogs include, for example, gabapentin (1), 
pregabalin (2), vigabatrin (3), and baclofen (4) shown above. Gabapentin is a lipophilic 
GABA analog that can pass through the blood-brain barrier, which has been used to 
clinically treat epilepsy since 1994. Gabapentin also has potentially useful therapeutic 
S effects in chronic pain states (e.g., neuropathic pain, muscular and skeletal pain), psychiatric 
disorders (e.g., panic, anxiety, depression, alcoholism and manic behavior), movement 
disorders (e.g., multiple sclerosis, action tremors, tardive dyskinesia), etc, (Magnus, 
Epilepsia, 1999, 40:S66-S72). Currently, gabapentin is also used in the clinical 
management of neuropathic pain. Pregabalin, which possesses greater potency in pre- 

1 0 clinical models of pain and epilepsy than gabapentin is presently in Phase III clinical trials. 

A significant problem with many GABA analogs is intramolecular reaction of the 
y amino group with the carboxyl functionality to form the y-lactam, as exemplified for 
gabapentin below. Formation of y-lactam (5) presents serious difficulties in formulating 
gabapentin because of its toxicity. For example, gabapentin has a toxicity (LD 3 o, mouse) of 

IS more than S000 mg/kg, while the corresponding lactam (5) has a toxicity (LD 50 , mouse) of 
300 mg/kg. Consequently, formation of side products such as lactams during synthesis of 
GABA analogs and/or formulation and/or storage of GABA analogs or compositions of 
GABA analogs must be minimized for safety reasons (particularly, in the case of 




d) < 5 > 

gabapentin). 

20 The problem of lactam contamination of GABA analogs, particularly in the case of 

gabapentin, has been partially overcome through use of special additional purification steps, 
precise choice of adjuvant materials in pharmaceutical compositions and careful control 
procedures (Augurt et ai, United States Patent No. 6,054,482). However, attempts to 
prevent lactam contamination have not been entirely successful, in either synthesis or 

25 storage of GABA analogs such as gabapentin or compositions thereof. 

Rapid systemic clearance is another significant problem with many GABA analogs 
including gabapentin, which consequently require frequent dosing to maintain a therapeutic 
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or prophylactic concentration in the systemic circulation (Bryans et al f Med. Res. Rev., 
1999, 19, 149-177). For example, dosing regimens of 300-600 mg doses of gabapentin 
administered three times per day are typically used for anticonvulsive therapy. Higher 
doses (1800-3600 mg/d in divided doses) are typically used for the treatment of neuropathic 
5 pain states. 

Sustained released formulations are a conventional solution to the problem of rapid 
systemic clearance, as is well known to those of skill in the ait (See, e.g. 9 ••Remington's 
Pharmaceutical Sciences," Philadelphia College of Pharmacy and Science, 17th Edition, 
1985). Osmotic delivery systems are also recognized methods for sustained drug delivery 

10 (See, e.g, Venna et a/., Drug Dev. Ind. Pharm., 2000, 26:695-708). Many GABA analogs, 
including gabapentin and pregabalin, are not absorbed via the large intestine. Rather, these 
compounds are typically absorbed in the small intestine by the large neutral amino acid 
transporter ("LNAA") (Jezyk et aL, Pharm. Res., 1999, 16, 519-526), The rapid passage of 
conventional dosage forms through the proximal absorptive region of the gastrointestinal 

1 5 tract has prevented the successful application of sustained release technologies to many 
GABA analogs. 

Thus, there is a significant need for effective sustained release versions of GABA 
analogs to minimize increased dosing frequency due to rapid systemic clearance of these 
compounds. There is also a need for pure GABA analogs, (particularly gabapentin and 
20 pregablin analogs) which are substantially pure and do not spontaneously lactamize during 
either formulation or storage. 

3. Summary Of The Invention 

The present invention addresses these and other needs by providing prodrugs of 
25 GABA analogs, pharmaceutical compositions of prodrugs of GABA analogs and methods 
for making prodrugs of GABA analogs. The present invention also provides methods for 
using prodrugs of GABA analogs, and methods for using pharmaceutical compositions of 
prodrugs of GABA analogs for treating or preventing common diseases and/or disorders. 
Importantly, the prodrugs provided by the present invention may possess significant 
30 pharmaceutical advantages of particular use in medicine. First, the promoiety of the 
prodrugs of GABA analogs provided by the current invention are typically labile in vivo 
(i.e., cleaved by either enzymatic or chemical means to generate substantial quantities of a 
GABA analog before the prodrug is cleared from a patient. Second, the promoiety 
derivative provided by cleavage of the promoiety from the prodrug, and any metabolite 
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thereof, is typically non-toxic when administered to a mammal in accordance with dosing 
regimens typically followed with the GAB A analog. 

The compounds of the instant invention have a promoiety attached to the y amino 
group of GABA analogs. This promoiety may be directly attached to the y amino group of a 
5 GABA analog, or optionally may be attached to the amino group of an a-amino acid 
promoiety, or to the hydroxy group of an a-hydroxy acid promoiety, which itself is 
attached to the y amino group of the GABA analog. 

The compounds of the invention may also have a promoiety attached to the caiboxyl 
group of GABA analogs. The carboxyl promoiety will typically be an ester or thioester 
1 0 group. A wide variety of ester or thioester groups may be used to form carboxyl 
promoieties. 

Accordingly, the compounds of the invention may include as many as four 
promoieties, including one carboxyl promoiety and up to three amino promoieties attached 
in sequence to the 7 amino group (le., such that each promoiety is sequentially cleaved 

1 5 from the N-terminal end of the GABA analog). The compounds of the invention may 
contain two amino promoieties and one carboxyl promoiety, two amino promoieties, one 
amino promoiety and one caiboxyl promoiety or one amino promoiety. Preferably, in those 
compounds of the invention which contain both an amino promoiety and a caiboxyl 
promoiety, the carboxyl promoiety is hydrolyzed prior to the complete cleavage of the 

20 promoiety (ies) attached to the amine group. 

In a first aspect, the present invention provides compounds of Formula (I), Formula 
(H)*or Formula (III): 




(ID 
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or a phannaceutically acceptable salt, hydrate or solvate thereof, wherein: 
m, n, t and u are independently 0 or 1; 
XisOorNR 16 ; 
5 WisOorNR 17 ; 
YisOorS; 

R 1 is selected from the group consisting of hydrogen, R 24 C(OK R 25 OC(0>, 
R^CCSK R^OCCSK R 25 SC(OK R 25 SC(S)-, (R 9 O)(R 10 O)P(O)-, R 25 S-, 




R 12 



R15 O 

10 each R 2 is independently selected from the group consisting of hydrogen, alkyl, 

substituted alkyl, alkoxy, substituted alkoxy, acyl, substituted acyl, acylamino, substituted 
acylamino, alkylamino, substituted alkyl amino, alklysulfinyl, substituted alkylsutfinyl, 
alkylsulfonyl, substituted alkylsulfonyl, alkylthio, substituted alkylthio, alkoxycarbonyl, 
substituted alkoxycarbonyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, aryloxy, 

1 5 substituted aryloxy, carbamoyl, cycloalkyl, substituted cycloalkyl, cycloheteroalkyl, 
substituted cycloheteroalkyl, dialkylamino, substituted dialkylamino, halo, heteroalkyl, 
substituted heteroalkyl, heteroaryi, substituted heteroaryl, heteroarylalkyl, substituted 
heteroarylalkyl, heteroalkyloxy, substituted heteroalkyloxy, heteroaryloxy and substituted 
heteroaryioxy, or optionally, R 2 and R 16 together with the atoms to which they are attached 

20 form a cycloheteroalkyl or substituted cycloheteroalkyl ring; 

R 3 and R 6 are independently selected from the group consisting of hydrogen, alkyl, 
substituted alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, cycloalkyl, 
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substituted cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl, heteroaryl, 
substituted heteroaryl, heteroarylalkyl and substituted heteroarylalkyl; 

R 4 and R 5 are independently selected from the group consisting of hydrogen alkyl, 
substituted alkyl, acyl, substituted acyl, arylalkyl, substituted arylalkyl, cycloalkyl, 
5 substituted cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl, heteroarylalkyl and 
substituted heteroarylalkyl or optionally, R 4 and R 5 together with the carbon atom to which 
they are attached form a cycloalkyl, substituted cycloalkyl, cycloheteroalkyl, substituted 
cycloheteroalkyl or bridged cycloalkyl ring; 

R 8 and R 12 are independently selected from the group consisting of hydrogen, acyl, 

10 substituted acyl, alkoxycarbonyl, substituted alkoxycarbonyl, alkyl, substituted alkyl, aryl, 
substituted aryl, arylalkyl, substituted arylalkyl, cycloalkyl, substituted cycloalkyl, 
cycloheteroalkyl, substituted cycloheteroalkyl, heteroalkyl, substituted heteroalkyl, 
heteroaryl, substituted heteroaryl, heteroarylalkyl and substituted heteroarylalkyl, or 
optionally R 8 and R 12 together with the carbon atoms to which they are attached form a 

1 5 cycloalkyl, substituted cycloalkyl, cycloheteroalkyl or substituted cycloheteroalkyl ring; 

R 11 is selected from the group consisting of hydrogen, alkyl, substituted alkyl, acyl, 
substituted acyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, carbamoyl, cyano, 
cycloalkyl, substituted cycloalkyl, heterocycloalkyl, substituted heterocycloalkyl, 
heteroaryl, substituted heteroaryl, heteroarylalkyl, substituted heteroarylalkyl, 

20 alkoxycarbonyl, substituted alkoxycarbonyl, cycloheteroalkyloxycarbonyl, substituted 
cycloheteroalkyloxycaTbonyl, aryloxycarbonyl, substituted aryioxycarbonyl, 
heteroaryloxycarbonyl, substituted heteroaryloxycarbonyl and nitro; 

R 7 , R 9 , R 10 , R 15 , R 16 and R 17 are independently selected from the group consisting of 
hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, 

25 cycloalkyl, substituted cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl, 

heteroalkyl, substituted heteroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl and 
substituted heteroarylalkyl; 

R n and R 14 are independently selected from the group consisting of hydrogen, 
alkyl, substituted alkyl, alkoxycarbonyl, substituted alkoxycarbonyl, aryl, substituted aryl, 

30 arylalkyl, substituted arylalkyl, carbamoyl, cycloalkyl, substituted cycloalkyl, 

cycloalkoxycarbonyl, substituted cycloalkoxycarbonyl, heteroaryl, substituted heteroaryl, 
heteroarylalkyl and substituted heteroarylalkyl or optionally, R 13 and R M together with the 
carbon atom to which they are attached form a cycloalkyl, substituted cycloalkyl, 
cycloheteroalkyl or substituted cycloheteroalkyl ring; 
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R 20 and R 21 are independently selected from the group consisting of hydrogen, acyl, 
substituted acyl, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted 
arylalkyl, cycloalkyl, substituted cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl, 
heteroalkyl, substituted heteroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl and 
5 substituted heteroarylalkyl or optionally R 20 and R 21 together with the carbon atom to which 
they are attached form a cycloalkyl, substituted cycloalkyl, cycloheteroalkyl or substituted 
cycloheteroalkyl ring; 

R 22 and R 23 are independently selected from the group consisting of hydrogen, alkyl, 
substituted alkyl, aryl, substituted aryl, arylalkyl and substituted arylalkyl or optionally, R 22 
10 and R 23 together with the carbon atom to which they are attached form a cycloalkyl, 
substituted cycloalkyl, cycloheteroalkyl or substituted cycloheteroalkyl ring; 

R 24 is selected from the group consisting of hydrogen, acyl, substituted acyl, alkyl, 
substituted alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, cycloalkyl, 
substituted cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl, heteroalkyl, 
15 substituted heteroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl and substituted 
heteroarylalkyl; and 

R 25 is selected from the group consisting of acyl, substituted acyl, alkyl, substituted 
alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, cycloalkyl, substituted 
cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl, heteroalkyl, substituted 
20 heteroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl and substituted 
heteroarylalkyl. 

hi a second aspect, the present invention provides pharmaceutical compositions of 
compounds of the invention. The pharmaceutical compositions generally comprise one or 
more compounds of the invention, and a pharmaceutical^ acceptable vehicle, 

25 In a third aspect, the present invention provides methods for treating or preventing 

epilepsy, depression, anxiety, psychosis, faintness attacks, hypokinesia, cranial disorders, 
neurodegenerative disorders, panic, pain (especially, neuropathic pain and muscular and 
skeletal pain), inflammatory disease (te, arthritis), insomnia, gastrointestinal disorders or 
ethanol withdrawal syndrome. The methods generally involve administering to a patient in 

30 need of such treatment or prevention a therapeutically effective amount of a compound of 
the invention. 

In a fourth aspect, the current invention provides pharmaceutical compositions for 
treating or preventing epilepsy, depression, anxiety, psychosis, faintness attacks, 
hypokinesia, cranial disorders, neurodegenerative disorders, panic, pain (especially, 
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neuropathic pain and muscular and skeletal pain), inflammatory disease (i.e., arthritis), 
insomnia, gastrointestinal disorders or ethanol withdrawal syndrome in a patient in need of 
such treatment or prevention. The methods generally involve administering to a patient in 
need of such treatment or prevention a therapeutically effective amount of a pharmaceutical 
5 composition of the invention. 

In a fifth aspect, the invention comprises a GABA analog derivative compound, M- 
G, for administration to a patient in need of therapy, wherein M is a promoiety and G is 
derived from a GABA analog, H-G (where H is hydrogen). The promoiety M, once cleaved 
from G, and any metabolite thereof, exhibits a carcinogenically toxic dose (TD50) in rats of 
1 0 greater than 0.2 mmol/kg/day. Further, the promoiety M cleaves from G at a sufficient rate 
in vivo, upon colonic administration to rats, to produce: 

(i) a maximum concentration of H-G in plasma (Cmax) of at least 120% of the Qmx 
of H-G in plasma is achieved by colonically administering an equimolar dose of 
H-G; and 

1 5 (ii) an AUG that is at least 120 % of the AUC is achieved by colonically 
administering an equimolar dose of H-G. 
Preferably, M-G is a derivative of Formula (XIV): 



25 



(XIV) 

20 or a pharmaceutically acceptable salt, hydrate or solvate thereof, wherein: 

R is hydrogen or R and R 6 together with the atoms to which they are attached form 
an azetidine, substituted azetidine, pyrrolidine or substituted pyrrolidine ring; and 
Y, R 3 , R 4 , R 5 , R 6 and R 7 are as previously defined. 
Most preferably, M is a derivative of Formula (XV): 



R2 



o 
(XV) 

wherein: 
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4. Detailed Description Of The Invention 

5 4.1 Definitions 

"Active transport or active transport process" refers to the movement of molecules 
across cellular membranes that: 

a) is directly or indirectly dependent on an energy mediated process (i.e., driven 
10 by ATP hydrolysis, ion gradient, etc.); 

or 

b) occurs by facilitated diffusion mediated by interaction with specific 
transporter proteins. 

1 5 "Alleyl" refers to a saturated or unsaturated, branched, straight-chain or cyclic 

monovalent hydrocarbon radical derived by the removal of one hydrogen atom from a 
single carbon atom of a parent alkane, alkene or alkyne. Typical alkyl groups include, but 
are not limited to, methyl; ethyls such as ethanyl, ethenyl, ethynyl; propyls such as propan- 
l-yl> propan-2-yl, cyclopropan-l-yl, prop-l-en-l-yl, prop-l-en-2-yl, prop-2-en-l-yl (allyl), 

20 cycloprop-l-en-l-yl; cycloprop-2-en-l-yl, prop-l-yn-l-yl , prop-2-yn-l-yl, etc; butyls such 
as butan-l-yl, butan-2-yl, 2-methyl-propan-l-yl, 2-methyl-propan-2-yl, cyclobutan-l-yl, 
but-l-en-l-yl, but-l-en-2-yl, 2-methyl-prop- 1 -en- 1 -yl, but-2-en-l-yl , but-2-en-2-yl, buta- 
13-dien-l-yl, buta-l,3-dien-2-yl, cyclobut-l-en-l-yl, cyclobut-l-en-3-yl, cyclobuta-1,3- 
dien-l-yl, but-l-yn-l-yl, but-l-yn-3-yl, but-3-yn-l-yl, etc.; and the like. 

25 The term "alkyl" is specifically intended to include groups having any degree or 

level of saturation, i.e., groups having exclusively single carbon-cartxm bonds, groups 
having one or more double carbon-carbon bonds, groups having one or more triple carbon- 
carbon bonds and groups having mixtures of single, double and triple carbon-carbon bonds. 
Where a specific level of saturation is intended, the expressions "alkanyl," "alkenyl," and 

30 "alkynyT are used. Preferably, an alkyl group comprises from 1 to 20 carbon atoms, more 
preferably, from 1 to 10 carbon atoms. 

" Alkanvl " refers to a saturated branched, straight-chain or cyclic alkyl radical 
derived by the removal of one hydrogen atom from a single carbon atom of a parent alkane. 
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Typical alkanyl groups include, but are not limited to, methanyl; ethanyl; propanyls such as 
propan-l-yl, propan-2-yl (isopropyl), cyclopropan-l-yl, etc.; butanyls such as butan-l-yl, 
buian-2-yl (sec-butyl), 2-methyl=propan-l-yl (isobutyl), 2-methyl-piopan-2-yl (?-butyl), 
cyclobutan- 1 -yl, etc. ; and the like, 

5 

"Alkenvl " refers to an unsaturated branched, straight-chain or cyclic alkyl radical 
having at least one carbon-carbon double bond derived by the removal of one hydrogen 
atom from a single carbon atom of a parent alkene. The group may be in either the cis or 
trans conformation about the double bond(s). Typical alkenyl groups include, but are not 
10 limited to, ethenyl; propenyls such as prop-l-en-l-yl , prop-l-en-2-yl, prop-2-en-l-yl 

(allyl), prop;2-en-2-yl, cycloprop-l-en-l-yl; cycloprop-2-en-l-yl ; butenyls such as but-1- 
en-l-yl, but-l-en-2-yl, 2-metbyl-prop-l-en-l-yl, but-2-en-l-yl , but-2-en-l-yl, but-2-en-2- 
yl, buta-l,3-dien-l-yl, buta-l,3-dien-2-yl, cyclobut-l-en-l-yl, cyclobut-l-en-3-yl, 
cyclobuta-l,3-dien-l-yl, etc.; and the like. 

15 

"Alkvnvl" refers to an unsaturated branched, straight-chain or cyclic alkyl radical 
having at least one carbon-carbon triple bond derived by the removal of one hydrogen atom 
from a single carbon atom of a parent aUcyne. Typical alkynyl groups include, but are not 
limited to, ethynyl; propynyls such as piop-l-yn-l-yl, prop-2-yn-l-yl, etc.; butynyls such as 
20 but-l-yn-l-yl, but-l-yn-3-yl, but-3-yn-l-yl, etc; and the like. 

"Acvl" refers to a radical -C(0)R, where R is hydrogen, alkyl, cycloalkyl, 
cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl, heteroarylalkyl as defined herein. 
Representative examples include, but are not limited to formyl, acetyl, cylcohexylcarbonyl, 
25 cyclohexylmethyicarbonyl, benzoyl, benzylcarbonyl and the like. 

"Acvlamino " (or alternatively "acylamido") refers to a radical -NR'C(0)R, where 
R* and R are each independently hydrogen, alkyl, cycloalkyl, cycloheteroalkyl, aryl, 
arylalkyl, heteroalkyl, heteroaryl, heteroarylalkyl, as defined herein. Representative 
30 examples include, but are not limited to, formylamino, acetylamino (i.<?., acetamido), 
cyclohexylcarbonylamino, cyclohexylmethyl-carbonylamino, benzoylamino (i.e., 
benzamido), benzylcarbonylamino and the like. 
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" Acvloxv" refers to a radical -OC(0)R, where R is hydrogen, alkyl, cycloalkyl, 
cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl or heteroarylalkyl, as defined 
herein. Representative examples include, but are not limited to, acetyloxy (or acetoxy), 
butyloxy (or butoxy), benzoyloxy and the like. 

5 

"Alkvlamino" means a radical -NHR where R represents an alkyl or cycloalkyl 
group as defined herein. Representative examples include, but are not limited to, 
methylamino, ethylamino, 1-methylethylamino, cyclohexyl amino and the like. 

1 0 "Alkoxv " refers to a radical -OR where R represents an alkyl or cycloalkyl group as 

defined herein. Representative examples include, but are not limited to, methoxy, ethoxy, 
propoxy, butoxy, cyclohexyloxy and the like. 

"Alkoxvcarbonvl" refers to a radical -C(0)-alkoxy where alkoxy is as defined 

15 herein. 

"Alkvlsulfonvr refers to a radical -SfOfeR where R is an alkyl or cycloalkyl group 
as defined herein Representative examples include, but are not limited to, methylsulfonyl, 
ethylsulfonyl, propylsulfonyl, butylsulfonyl and the like. 

20 

"Alkylsulfinvl" refers to a radical -S(0)R where R is an alkyl or cycloalkyl group as 
defined herein. Representative examples include, but are not limited to, methylsulfinyl, 
ethylsulfinyl, propylsulfinyl, butylsulfinyl and the like. 

25 "Alkvlthio" refers to a radical -SR where R is an alkyl or cycloalkyl group as 

defined herein that may be optionally substituted as defined herein. Representative 
examples include, but are not limited to methylthio, ethylthio, propylthio, butylthio and the 
like. 

30 "Amino" refers to the radical -NH 2 . 

"Aryl" refers to a monovalent aromatic hydrocarbon group derived by the removal 
of one hydrogen atom from a single carbon atom of a parent aromatic ring system. Typical 
aryl groups include, but are not limited to, groups derived from aceanthrylene, 
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acenaphthylene, acephenanthrylene, anthracene, azulene, benzene, chrysene, coronene, 
fluoranthene, fluorene, hexacene, hexaphene, hexalene, <w-indacene, 5-indacene, indane, 
indene, naphthalene, octacene, octaphene, octalene, ovalene, penta-2,4-diene, pentacene, 
pentalene, pentaphene, perylene, phenalene, phenanthrene, picene, pleiadene, pyrene, 
pyranthrene, rubicene, triphenylene, trinaphthalene and the like. Preferably, an aryl group 
comprises from 6 to 20 carbon atoms, more preferably between 6 to 12 carbon atoms. 

" Arvlalkvl" refers to an acyclic alkyl group in which one of the hydrogen atoms 
bonded to a carbon atom, typically a terminal or sp 3 carbon atom, is replaced with an aryl 
group. Typical arylalkyl groups include, but are not limited to, benzyl, 2-phenylethan-l-yl, 
2-phenylethen-l-yl, naphthylmethyl, 2-naphthylethan-l-yl, 2-naphthylethen-l-yl, 
naphthobenzyl, 2-naphthophenylethan-l-yl and the like. Where specific alkyl moieties are 
intended, the nomenclature arylalkanyl, arylalkenyl and/or arylalkynyl is used. Preferably, 
an arylalkyl group is (C 6 -Cjo) arylalkyl, e.g., the alkanyl, alkenyl or alkynyl moiety of the 
arylalkyl group is (C,-Cio) and the aryl moiety is (C 6 -C 20 ), more preferably, an arylalkyl 
group is (C 6 -C 20 ) arylalkyl, e.g., the alkanyl, alkenyl or alkynyl moiety of the arylalkyl 
group is (Ci-C 8 ) and the aryl moiety is (C6-C12). 

"Arvlalkvloxv" refers to an -Oarylalkyl group where arylalkyl is as defined herein. 
"Arvloxvcarbonvr refers to a radical -C(0)-0-aryl where aryl is as defined herein. 



25 



"AUC" is the area under the plasma drug concentration-versus-time curve 
extrapolated from zero time to infinity. 

"Brid ged cvcloalkvl" refers to a radical selected from the group consisting of 




R 33 R" 
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wherein: 
Ais(CR 35 R 36 )b; 

R 35 and R 36 are independently selected from the group consisting of hydrogen and 
5 methyl; 

R 33 and R 34 are independently selected from the group consisting of hydrogen and 
methyl; 

b is an integer from 1 to 4; and 
c is an integer from 0 to 2. 

10 

"Carbamoyl " refers to the radical -C(0)N(R)2 where each R group is independently 
hydrogen, alkyl, cycloalkyl or aryl as defined herein, which may be optionally substituted, 
as defined herein. 

1 5 "Carboxv" means the radical -C(0)OH. 

"Carcinogenic potency CTD^ T (see Peto et al 9 Environmental Health Perspectives 
1984, 58, 1-8) is defined for a particular compound in a given animal species as that chronic 
dose-rate in mg/kg body wt/day which would induce tumors in half the test animals at die 
20 end of a standard lifespan for the species. Since the tumor(s) of interest often does occur in 
control animals, TD50 is more precisely defined as: that dose-rate in mg/kg body wt/day 
which, if administered chronically for the standard lifespan of the species, will halve the 
probability of remaining tumorless throughout that period. A TD50 can be computed for any 
particular type of neoplasm, for any particular tissue, or for any combination of these. 

25 

Xmax^ is the highest drug concentration observed in plasma following an 
extravascular dose of drug. 

"Compounds of the invention " refers to compounds encompassed by generic 
30 formulae disclosed herein and includes any specific compounds within that formula whose 
structure is disclosed herein. The compounds of the invention may be identified either by 
their chemical structure and/or chemical name. When the chemical structure and chemical 
name conflict, the chemical structure is determinative of the identity of the compound. The 
compounds of the invention may contain one or more chiral centers and/or double bonds 
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and therefore, may exist as stereoisomers, such as double-bond isomers (i.e., geometric 
isomers), enantiomers or diastereomers. Accordingly, the chemical structures depicted 
herein encompass all possible enantiomers and stereoisomers of the illustrated compounds 
including the stereoisomerically pure form (e.g., geometrically pure, enantiomerically pure 
or diastereomerically pure) and enantiomeric and stereoisomeric mixtures. Enantiomeric 
and stereoisomeric mixtures can be resolved into their component enantiomers or 
stereoisomers using separation techniques or chiral synthesis techniques well known to the 
skilled artisan. The compounds of the invention may also exist in several tautomeric forms 
including the enol form, the keto form and mixtures thereot Accordingly, the chemical 
structures depicted herein encompass all possible tautomeric forms of the illustrated 
compounds. The compounds of the invention also include isotopically labeled compounds 
where one or more atoms have an atomic mass different from the atomic mass 
conventionally found in nature. Examples of isotopes that may be incorporated into the 
compounds of the invention include, but are not limited to, 2 H, 3 H, l3 C, 14 C, ,5 N, l8 0, 17 0, 
3, P, 32 P, 35 S, 18 F and 36 C1. Further, it should be understood, when partial structures of the 
compounds of the invention are illustrated, that brackets indicate the point of attachment of 
the partial structure to the rest of the molecule. 

"Composition of the invention" refers to at least one compound of the invention and 
a pharmaceutical^ acceptable vehicle, with which the compound is administered to a 
patient When administered to a patient, the compounds of the invention are administered 
in isolated form, which means separated from a synthetic organic reaction mixture. 

"Cvano" means the radical -CN. 

"Cvcloalkvl" refers to a saturated or unsaturated cyclic alkyl radical. Where a 
specific level of saturation is intended, the nomenclature "cycloalkanyP or"cycloalkenyr 
is used. Typical cycloalkyl groups include, but are not limited to, groups derived from 
cyclopropane, cyclobutane, cyclopentane, cyclohexane, and the like. Preferably, the 
cycloalkyl group is (C3-C10) cycloalkyl, more preferably (C3-C7) cycloalkyl 

"Cvcloheteroalkyl " refers to a saturated or unsaturated cyclic alkyl radical in which 
one or more carbon atoms (and any associated hydrogen atoms) are independently replaced 
with the same or different heteroatom. Typical heteroatoms to replace the carbon atom(s) 
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include, but are not limited to, N, P, O, S, Si, etc. Where a specific level of saturation is 
intended, the nomenclature "cycloheteroalkanyl" or "cycloheteroalkenyl" is used. Typical 
cycloheteroalkyl groups include, but are not limited to, groups derived from epoxides, 
imidazolidine, morpholine, piperazine, piperidine, pyrrolidine, pyrrolidine, quinuclidine, 
and the like. 

^Cvcloheteroalkvloxvcaibonvr ' refers to a radical -C(O)-0R where R is 
cycloheteroalkyl is as defined herein. 



10 



15 



derived from a bile acid* * refers to a moiety that is structurally related to a compound of 

Formulae (XVII) or pCVm): 




(XVIII) 



(XVII) 

wherein each of D, E and F are independently H or OH. 

The structure of the moiety is identical to the compounds above except at 1 or 2 
positions. At these positions, a hydrogen atom attached to a hydroxyl group and/or the 
hydroxy! moiety of the carboxyiic acid group has been replaced with a covalent bond that 
serves as a point of attachment to another moiety, which is preferably a GABA analog or 
GAB A analog derivative. 



20 



25 



"Derived from a GABA analog " refers to a moiety that is structurally related to a 
GABA analog. The structure of the moiety is identical to the compound except at 1 or 2 
positions. At these positions, a hydrogen atom attached to the amino group, and 
(optionally) the hydroxyl moiety of the carboxyiic acid group has been replaced with a 
covalent bond that serves as a point of attachment to another moiety. 

" Dialkvl amino" means a radical -NRR' where R and R* independently represent an 
alkyl or cycloalkyl group as defined herein. Representative examples include, but are not 
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limited to, dimethylaxnino, methylethylamino, di-(l-methylethyl)amino, 
(cyclohexyl)(methyl)amino, (cyclohexyi)(ethyl)amino, (cyclohcxyl)(propyl)amino and the 
like. 

5 "GABA analog " refers to a compound, unless specified otherwise, as having (he 

following structure: 




R 3 R 6 



wherein: 

10 R is hydrogen, or R and R 6 together with the atoms to which they are attached form 

an azetidine, substituted azetidine, pyrrolidine or substituted pyrrolidine ring; 

R 3 and R 6 are independently selected from the group consisting of hydrogen, alkyl, 
substituted alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, cycloalkyl, 
substituted cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl, heteroaryl, 

15 substituted heteroaryl, heteroarylalkyl and substituted heteroarylalkyl; and 

R 4 and R 5 are independently selected from the group consisting of hydrogen, alkyl, 
substituted alkyl, acyl, substituted acyl, aryl, substituted aryl, arylalkyl, substituted 
arylalkyl, cycloalkyl, substituted cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl, 
heteroaryl, substituted heteroaryl, heteroarylalkyl and substituted heteroarylalkyl or 

20 optionally, R 4 and R 5 together with the carbon atom to which they are attached form a 

cycloalkyl, substituted cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl or bridged 
cycloalkyl ring. 

" Halo" means fluoro, chloro, bromo, or iodo. 

25 

"Heteroalkvloxv" means an -O-heteroalkyl group where heteroalkyl is as defined 

herein. 

"Heteroalkvl. HeteroalkanvL Heteroalkenvl Heteroalkvnvl" refer to alkyl, alkanyl, 
30 alkenyl and alkynyl radical, respectively, in which one or more of the carbon atoms (and 
any associated hydrogen atoms) are each independently replaced with the same or different 
heteroatomic groups. Typical heteroatomic groups include, but are not limited to, -0-, -S-, - 
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0-0-, -S-S-, -0-S-, -NRS =N-N=, -N=N-, -N=N-NR\ -PH-, -P(0)2-, -O-P(0) 2 -, -S(0)-, - 
S(0>2-, -S11H2- and the like, where R* is hydrogen, alkyl, substituted alkyl, cycloalkyl, 
substituted cycloalkyl, aryl or substituted aryl. 

5 "Heteroarvr refers to a monovalent heteroaromatic radical derived by the removal 

of one hydrogen atom from a single atom of a parent heteroaromatic ring system. Typical 
heteroaryl groups include, but are not limited to, groups derived from acridine, arsindole, 
carbazole, P-carboline, chromane, chromene, cinnoline, furan, imidazole, indazole, indole, 
indoline, indolizine, isobenzofuran, isochromene, isoindole, isoindoline, isoquinoline, 

10 isothiazole, isoxazole, naphthyridine, oxadiazole, oxazole, perimidine, phenanthridine, 
phenanthroline, phenazine, phthalazine, pteridine, purine, pyran, pyrazine, pyrazole, 
pyridazine, pyridine, pyrimidine, pyrrole, pynolizine, quinazoline, quinoline, quinolizine, 
quinoxaline, tetrazole, thiadiazole, thiazole, thiophene, triazole, xanthene, and the like. 
Preferably, the heteroaryl group is between 5-20 membered heteroaryl, more preferably 

IS between 5-10 membered heteroaryl. Preferred heteroaryl groups are those derived from 
thiophene, pyrrole, benzothiophene, benzofuran, indole, pyridine, quinoline, imidazole, 
oxazole and pyrazine. 

"Heteroarvloxvcarbonvr ' refers to a radical -C(0)-OR where R is heteroaryl as 
20 defined herein. 

t c Heteroarvlalkvr refers to an acyclic alkyl group in which one of the hydrogen 
atoms bonded to a carbon atom, typically a terminal or sp* carbon atom, is replaced with a 
heteroaryl group. Where specific alkyl moieties are intended, the nomenclature 

25 heteroarylalkanyl, heteroaryl alkenyl and/or heterorylalkynyi is used. In preferred 
embodiments, the heteroarylalkyl group is a 6-30 membered heteroarylalkyl, e.g. 9 the 
aDcanyl, alkenyl or alkynyl moiety of the heteroarylalkyl is 1-10 membered and the 
heteroaryl moiety is a 5-20-membered heteroaryl, more preferably, 6-20 membered 
heteroarylalkyl, e.g., the alkanyl, alkenyl or alkynyl moiety of the heteroarylalkyl is 1-8 

30 membered and the heteroaryl moiety is a 5-12-membered heteroaryl. 

"Passive diffusion " refers to uptake of an agent that is not mediated by a specific 
transporter protein. An agent that is substantially incapable of passive diffusion has a 
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permeability across a standard cell monolayer (<?.£., Caco-2) in vitro of less than 5 x 10" 6 
cm/sec, and usually less than 1 x 10" 6 cm/sec (in the absence of an efflux mechanism). 

* ThaimaceuticaUv acceptable" means approved or approvable by a regulatory 
5 agency of the Federal or a state government or listed in the U.S. Pharmacopoeia or other 
generally recognized pharmacopoeia for use in animals, and more particularly in humans. 

"Pharmaceuticallv acceptable salt" refers to a salt of a compound of the invention, 
which is pharmaceutically acceptable and possesses the desired pharmacological activity of 

10 the parent compound. Such salts include: (1) acid addition salts, formed with inorganic 
acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric 
acid, and the like; or formed with organic acids such as acetic acid, propionic acid, hexanoic 
acid, cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic acid, malonic acid, 
succinic acid, malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, 3- 

15 (4-hydroxybenzoyl) benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid, 
ethanesulfonic acid, 1 ,2-ethane-disulfonic acid, 2-hydroxyethanesulfonic acid, 
benzenesulfonic acid, 4-chlorobenzenesulfonic acid, 2-naphthalenesulfonic acid, 4- 
toluenesulfonic acid, camphorsulfonic acid, 4-methylbicyclo[2.2.2]-oct-2-ene-l-carboxylic 
acid, glucoheptonic acid, # 3-phenylpropionic acid, trimethylacetic acid, tertiary butylacetic 

20 acid, lauryl sulfuric acid, gluconic acid, glutamic acid, hydroxynaphthoic acid, salicylic 
acid, stearic acid, muconic acid, and the like; or (2) salts formed when an acidic proton 
present in the parent compound is replaced by a metal ion, e.g„ an alkali metal ion, an 
alkaline earth ion, or an aluminum ion; or coordinates with an organic base such as 
ethanolamine, diethanolamine, triethanolamine, N-methylglucamine and the like. 

25 

"Pharmaceuticallv acceptable vehicle" refers to a diluent, adjuvant, excipient or 
carrier with which a compound of the invention is administered. 

Patient " includes humans. The terms "human" and "patient" are used 
30 interchangeably herein. 

"Preventing " or prevention " refers to a reduction in risk of acquiring a disease or 
disorder causing at least one of the clinical symptoms of the disease not to develop in a 
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patient that may be exposed to or predisposed to the disease but does not yet experience or 
display symptoms of the disease). 

"Prodrug " refers to a derivative of a drug molecule that requires a transformation 
5 within the body to release the active drug. Prodrugs are frequently (though not necessarily) 
pharmacologically inactive until converted to the parent drug. 

"Promoietv" refers to a form of protecting group, that when used to mask a 
functional group within a drug molecule converts the drug into a prodrug. Typically, the 
1 0 promoiety will be attached to the drug via bond(s) that are cleaved by enzymatic or non- 
enzymatic means in vivo. 

"Protecting group" refers to a grouping of atoms that when attached to a reactive 
functional group in a molecule masks, reduces or prevents reactivity of the functional group. 

15 Examples of protecting groups ban be found in Green et al , "Protective Groups in Organic 
Chemistry", (Wiley, 2 nd ed. 1991) and Harrison et a/., "Compendium of Synthetic Organic 
Methods" Vols. 1-8 (John Wiley and Sons, 1971-1996). Representative amino protecting 
groups include, but are not limited to, formyl, acetyl, trifluoroacetyl, benzyl, 
benzyloxycarbonyl ("CBZ"), fert-butoxycaibonyl ("Boc"), trimethylsilyl CTMS"), 2- 

20 trimethylsilyl-ethanesulfonyl ("SES"), trityl and substituted trityl groups, allyloxycarbonyl, 
9-fluorenylmethyloxycarbonyl ("FMOC"), nitro-veratryloxycarbonyl ("NVOC") and the 
like. Representative hydroxy protecting groups include, but are not limited to, those where 
the hydroxy group is either acylated or alkylated such as benzyl, and trityl ethers as well as 
alkyl ethers, tetrahydropyranyl ethers, trialkylsilyl ethers and allyl ethers. 

25 

"Substituted " refers to a group in which one or more hydrogen atoms are each 
independently replaced with the same or different substituent(s). Typical substituents 
include, but are not limited to, -X, -R 29 , -0\ =0, -OR 29 , -SR 29 , -S\ =S, -NR 2 ^ 30 , ^NR 29 , - 
CX 3 , -CF 3 , -CN, -OCN, -SCN, -NO, -NO2, =N 2> -N 3 , -SCOfeO', -S(0)20H, -S(0)zR 29 , - 
30 OS(02)0\ -OSfOfcR 29 , -P(0)(0% -P(O)(OR 29 )(O0, -OP^XOR^OR 30 ), -C(0)R 29 , - 
C(S)R 29 , -C(0)OR 29 , -C(O)NR 29 R 30 ,-C(O)O\ -C(S)0R 29 , -NR 3, C(0)NR 29 R 30 , - 
NR 3, C(S)NR 29 R 30 , -NR 3l C(NR 29 )NR 29 R 30 and -QNR^NR 2 ^ 30 , where each X is 
independently a halogen; each R 29 and R 30 are independently hydrogen, alkyl, substituted 
alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, cycloalkyl, substituted 
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cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl, heteroalkyl, substituted 
heteroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl, substituted heteroarylalkyl, - 
NR 3, R 3 V-C(0)R 31 or -S(0) 2 R 31 or optionally R 29 and R 30 together with the atom to which 
they are both attached foim a cycloheteroalkyl or substituted cycloheteroalkyl ring; and R 31 
5 and R 32 are independentty hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, aiylalkyl, 
substituted arylalkyl, cycloalkyl, substituted cycloalkyl, cycloheteroalkyl, substituted 
cycloheteroalkyl, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted heteroaryl, 
heteroarylalkyl or substituted heteroarylalkyl. 

10 "Trans porter protein " refers to a protein that has a direct or indirect role in 

transporting a molecule into and/or through a cell. For example, a transporter protein may 
be, but is not limited to, solute carrier transporters, co- transporters, counter transporters, 
uniporters, symporters, antiporters, pumps, equilibrative transporters, concentrative 
transporters and other proteins, which mediate active transport, energy-dependent transport, 

15 facilitated diffusion, exchange mechanisms and specific absorption mechanisms. 

Transporter proteins, may also be, but are not limited to, membrane-bound proteins that 
recognize a substrate and effect its entry into or exit from a cell by a carrier-mediated 
transporter or by receptor-mediated transport. A transporter protein, may also be, but is not 
limited to, an intracellularly expressed protein that participates in trafficking of substrates 

20 through or out of a cell. Transporter proteins, may also be, but are not limited to, proteins 
or glycoproteins exposed on the surface of a cell that do not directly transport a substrate 
but bind to the substrate holding it in proximity to a receptor or transporter protein that 
effects entry of the substrate into or through the cell. Examples of carrier proteins include: 
the intestinal and liver bile acid transporters, dipeptide transporters, oligopeptide 

25 transporters, simple sugar transporters (e.g., SGLT1), phosphate transporters, 

monocarboxcylic acid transporters, P-glycoprotein transporters, organic anion transporters 
(OAT), and organic cation transporters. Examples of receptor-mediated transport proteins 
include: viral receptors, immunoglobulin receptors, bacterial toxin receptors, plant lectin 
receptors, bacterial adhesion receptors, vitamin transporters and cytokine growth factor 

30 receptors. 

' Treating " or ' treatment" of any disease or disorder refers, in one embodiment, to 
ameliorating the disease or disorder (i.e., arresting or reducing the development of the 
disease or at least one of the clinical symptoms thereof). In another embodiment "treating" 
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